Delineation of the healthy rabbit kidney by immunohistochemistry - A technical note. by Meier Bürgisser, Gabriella et al.








Delineation of the healthy rabbit kidney by immunohistochemistry - A
technical note.
Meier Bürgisser, Gabriella ; Heuberger, Dorothea M ; Giovanoli, Pietro ; Calcagni, Maurizio ;
Buschmann, Johanna
Abstract: Pre-clinical animal models are needed to investigate and study kidney injuries and diseases. The
rabbit kidney model is frequently used because various important parameters can be assessed with it. For
example, histology and immunohistochemistry are indispensable as tissue morphology and composition
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fixation followed by paraffin embedding and cryopreservation with a subsequent 10-minute formalin fixa-
tion prior to staining were compared. Cryosections showed a more pronounced staining pattern, with clear
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without AR. Moreover, several advantages and disadvantages of chromogenic versus immunofluorescence
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A B S T R A C T   
Pre-clinical animal models are needed to investigate and study kidney injuries and diseases. The rabbit kidney 
model is frequently used because various important parameters can be assessed with it. For example, histology 
and immunohistochemistry are indispensable as tissue morphology and composition can be investigated quali-
tatively as well as quantitatively. Here, different histological and immunohistochemical stainings were per-
formed in the rabbit healthy naïve kidney tissue. First, overnight formalin fixation followed by paraffin 
embedding and cryopreservation with a subsequent 10-minute formalin fixation prior to staining were 
compared. Cryosections showed a more pronounced staining pattern, with clear borders at low magnifications, 
but blurred borders at higher magnifications. Then, antigen retrieval (AR) for paraffin embedded sections 
resulted in more prominent corresponding signals compared to stainings without AR. Moreover, several ad-
vantages and disadvantages of chromogenic versus immunofluorescence stainings were considered. Chromo-
genic staining was advantageous compared to immunofluorescence for collagen I and III, and to a minor degree 
for fibronectin. Finally, distinct structures, such as the pelvis, the calices, the glomeruli and tubuli, were stained 
in serial sections with diverse immunohistochemical stainings in order to delineate their composition. The 
following stainings were performed: standard Haematoxylin&Eosin and Elastica van Gieson staining, collagen I, 
collagen III, fibronectin, α-SMA, ki-67 and protease-activated receptor-2 (PAR-2). While chromogenic stainings 
of collagen I and collagen III were particularly useful to depict kidney structures in paraffin sections compared 
with cryosections, cryosections immunofluorescently stained for α-SMA were superior to paraffin sections, 
particularly at higher magnifications. With regard to specific structures, we found renal vessel walls positive for 
fibronectin and α-SMA, while the Bowman’s capsule was only positive for fibronectin and α-SMA showed only 
tiny spots. The mesangial cells of the glomeruli and the distal tubuli were PAR-2 positive, while the proximal 
tubuli were PAR-2 negative.   
1. Introduction 
Renal diseases exhibit different aberrations of the kidney tissue, such 
as tubulointerstitial myofibroblast accumulation and fibrosis (Tang 
et al., 1996), glomerular injury (Alpers et al., 1994), prevalence of a 
calcifying endothelial phenotype in chronic kidney disease (Cianciolo 
et al., 2017) or kidney stones (Wang et al., 2020). In order to elucidate 
such diseases and determine pathological mechanisms in detail, 
pre-clinical animal models are needed. There are reports using mice to 
study polycystic kidney disease (Atwood et al., 2020), rats to elucidate 
acute kidney injury by clamping renal arteries or veins (Karami et al., 
2020) and pigs to examine renal ischemia-reperfusion (Beach et al., 
2020). Among these animal model, the rabbit kidney model has been 
reported to be successful to analyse specific drugs targeting kidney 
disease after endotoxic shock (Siddiqui et al., 2020) or to test immu-
nodepressents after kidney transplantation (Saeed et al., 2020). How-
ever, changes in tissue composition analysed by histology and 
immunohistochemistry remain fragmentary. In most cases, selected 
stainings are provided, focused on the kidney disease under view. 
Here, we provide a technical note aiming to give an overview of a 
series of different typical stainings of the healthy kidney tissue. Directing 
the reader to the optimum fixation and staining techniques for typical 
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kidney (sub) structures, we discuss basic aspects of paraffin tissue sec-
tions fixed with formaldehyde compare them to cryopreservation. 
Furthermore, we show the advantage of an additional antigen retrieval 
(AR) step compared to immunohistochemical staining without AR for 
paraffin sections. Finally, we compare chromogenic versus fluorescence 
staining, respectively, by providing serial sections and the same location 
of the regions of interest. 
Like this, we have assessed Haematoxylin&Eosin (HE) and Elastica 
van Gieson (EvG) staining in the healthy rabbit kidney tissue, as well as 
collagen I, collagen III, fibronectin, alpha smooth muscle actin (α-SMA) 
and protease-activated receptor-2 (PAR-2) staining. The marker PAR-2 
is an inflammation related protein on the cell surface, potentially 
interesting in studies of crescentic glomerulonephritis (Cunningham 
et al., 2000; Moussa et al., 2007), in ischemia-reperfusion kidney in-
juries (El Eter and Aldrees, 2012) or podocytes injury as induced by 
thrombin (Sharma et al., 2017). Moreover, renal PAR-2 was shown to be 
involved in the control of blood pressure in rats (Morla et al., 2013). 
In addition, we chose specific morphological structures, such as the 
renal pelvis, the calices, the cortex and medulla, as well as the glomeruli, 
the tubuli the Henle’s loops and Bertin columns with different stainings 
to elucidate the local composition of these structures in a qualitative, 
descriptive and for certain assessments in a semi-quantitative and 
quantitative way. 
The data presented here can support researchers who intend to use 
the rabbit kidney model in choosing an appropriate staining to delineate 
a specific target structure. In addition, the results shown here provide a 
set of baseline or reference images helping other researchers who use the 
rabbit kidney model to compare their results. Finally, the images pro-
vided for the rabbit kidney here may prospectively be used also for inter 
species comparison, including the human kidney. 
2. Materials and methods 
2.1. Kidney extraction 
A study of calvarial bone defects provided one fresh cadaver of a New 
Zealand White rabbit (female). The study had been approved by the 
Animal Ethics Committee of the local authorities (Canton Zurich ZH 
108/2012 and 115/2015) (Ghayor and Weber, 2018; Siegenthaler et al., 
2020). The whole kidney was extracted from this rabbit body, then 
stored on ice for a short time with subsequent processing for histology. 
All kidney sections were randomly selected. 
2.2. Histology and immunohistochemistry 
For either paraffin embedding or cryopreservation, the kidney pieces 
were halved. After that, the pieces for paraffin embedding were fixed in 
formalin for one day, dehydrated, paraffin-embedded and sectioned into 
5-μm-thick slices. Prior to any histological staining, paraffin embedded 
sections were deparaffinized with xylene and rehydrated (descending 
gradient of ethanol). 
As for the cryopreservation all pieces were embedded in Tissue-Tek® 
O.C.T. (Sakura, Alphen aan den Rijn, The Netherlands, Europe). After 
that, they were frozen according to commonly established procedure 
before cryosections of 5-μm-thick slices were fabricated. These sections 
were fixed with formalin for 10 min after being thawed, and washed 
with 1xTBS followed by IHC procedures (next paragraph). 
Elastica van Gieson (EvG) and Haematoxylin&Eosin (HE) staining 
was performed according to commonly established procedures. For 
immunohistochemistry and paraffin sections, an antigen retrieval (AR) 
step was performed in 10 mM citrate buffer (pH 6.0) with 0.05 % Tween- 
20 for 20 min at 95 ◦C. For some selected stainings no AR was performed 
for technical reason and control management, in order to visualize the 
staining without AR and show the differences provoked by this step. 
Depending on the epitope to stain, paraffin and cryosections were per-
meabilized with 0.5 % Triton X-100 in 1xTBS for 10 min and then 
washed three times with 1xTBS. After that, the sections were blocked in 
5 % donkey serum and 1 % BSA in 1xTBS for 1 h (room temperature). 
Next, sections were incubated with mouse anti-collagen I antibody 
(ab90395; Abcam, Lucerne, Switzerland, 1 : 200 dilution) or mouse anti- 
collagen III antibody (AF5810; Acris, Wettingen, Switzerland, 1 : 200 
dilution) or mouse anti-αSMA antibody (A2547; Sigma-Aldrich, Buchs, 
Switzerland, 1 : 500 dilution) or mouse anti-fibronectin antibody 
(F0791; Sigma-Aldrich, Buchs, Switzerland, 1 : 200 dilution) or mouse 
anti-ki67 antibody (NBP2-22112; Novus Biologicals, 1 : 500 dilution) or 
mouse anti-PAR-2 antibody (Santa Cruz Biotechnology, sc-13504 
(SAM11), 1:250 dilution) on Refine-kit (anti-Rabbit-Polymer) and 
histofine-Mouse Polymer (1:50 dilution) diluted in 3 % BSA in 1xTBS 
overnight at 4 ◦C (Table 1). Laboratory validation of PAR-2 antibody has 
been reported previously (Meier Bürgisser et al., 2020). Briefly, the 
laboratory validation consisted of showing the specificity of PAR-2 
antibody for rabbit tissue (exemplified in rabbit tongue and brain tis-
sue) as well as the reproducibility of PAR-2 staining (exemplified in a 
series of rabbit Achilles tendon tissues, stained at different time points, i. 
e. 3, 6 and 12 weeks, respectively, and with different lots of the anti-
body). Further information can be found in the supporting information 
of our previous report (Meier Bürgisser et al., 2020). As a negative 
control, Normal Mouse Serum Control (08-6599, Invitrogen, no dilu-
tion) was used and sections were incubated with it overnight at 4 ◦C, too. 
Fluorescent immunohistochemistry was performed for collagen I and 
III, fibronectin and α-SMA, respectively, and chromogenic immunohis-
tochemistry was performed for collagen I and III, fibronectin, ki67 and 
PAR-2, respectively. For fluorescent immunohistochemistry, primary 
antibody solution was removed and samples were washed with 1xTBS 
before incubation with secondary donkey antimouse Alexa-488 anti-
body (A-21202; Invitrogen, Basel, Switzerland, 1:500 dilution) and 10 
μg/mL 4′6-diamidino-2-phenylindole dilactate (DAPI) (Sigma-Aldrich, 
Switzerland) diluted in 3 % BSA in 1xTBS for 1 h at room temperature. 
Then, the slides were washed in 1xTBS and mounted using Dako Fluo-
rescence Mounting Medium (Agilent, Basel, Switzerland). 
Samples were blocked with 3 % hydrogen peroxide solution in water 
for 10 min (room temperature) for chromogenic immunohistochemistry 
and subsequently washed 3x with 1xTBS. Primary antibody detection 
was performed using a biotinylated anti-mouse IgG secondary antibody 
and streptavidin-horseradish peroxidase (HRP) (ZytoChem Plus HRP Kit 
Mouse; Zytomed Systems, Muttenz, Switzerland), followed by colori-
metric detection according to the manufacturer’s protocol using DAB 
substrate (DAB Substrate Kit High Contrast; Zytomed Systems, Ger-
many). Finally, slides were washed in tap water and mounted using 
Faramount Aqueous Mounting Medium (Agilent). 
Images of whole tissue sections were produced with a slide scanner 
(Pannoramic 250 Flash II, 3Dhistech, Budapest, Hungary). With 
CaseViewer-Sofware v.2.1 snapshots of fields of view were then taken, 
or alternatively imaged with a Leica 6000 light microscope (Leica, Basel, 
Table 1 
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Switzerland). 
All techniques and stainings used in this study are summarized in 
Table 2. 
2.3. Statistical analysis 
Data were analysed with IBM SPSS Statistics 26 software. Contin-
gency table analysis was performed for nominal data (scores with five 
levels, i.e. 1; 1.5; 2; 2.5 and 3). Pearson contingency coefficients were 
computed as well as p values, corresponding to the null hypothesis that 
both kind of sections (paraffin and cryo) or both processing steps (an-
tigen retrieval (AR) or no AR), respectively, exhibit each feature to the 
same degree. The p values were indicated for pairs that were signifi-
cantly different, meaning if p < 0.05. 
3. Results and discussion 
3.1. Cryopreservation versus formalin fixation 
The first step towards a successfully stained tissue section is the 
choice of an appropriate fixative. It has been shown that the same 
immunohistochemical staining results in different images of the stained 
sections if either fixation by formalin, acetic acid, paraformaldehyde- 
lysine-periodate or bouin had been performed before (Salguero et al., 
2001). The reason for this different outcome is found in the different 
ability of the fixative to permeabilize the cells, meaning to partially 
break down the cell membranes and thus to allow the antibody the ac-
cess to antigens located not only the cell surface, but also within the 
cells. Moreover, besides the membrane destruction, different fixatives 
also lead to differently stabilized enzymes, with partially denatured 
proteins, ending up in an overall differently looking image of the cor-
responding antibody-antigen staining. 
In our technical study presented here, we used the healthy rabbit 
kidney tissue and compared formalin fixed and paraffin embedded 
sections (brief: paraffin sections) with cryosections of cryopreserved 
kidney tissue. The hypothesis was that cryopreserved tissue would retain 
the selected antigens better than the paraffin sections. However, a closer 
look at the higher magnifications revealed distinct advantages of the 
paraffin sections over cryosections. In Figs. 1–4, we compared paraffin 
versus cryosections; for collagen I, collagen III, ki67 and α-SMA immu-
nohistochemical stainings, respectively. 
As can be seen in the collagen I stained sections with DAB as chro-
mogen, distinct morphologies of the Bowman’s capsules und glomeruli 
as well as arterioles are depicted with a high contrast in cryosections 
compared to paraffin sections (Fig. 1). While for the paraffin sections, 
collagen I staining showed some background, staining the cell nuclei 
with a blue/brown colour mixture, cryosections had the brown colour 
from DAB in a clearer and more specific way, and cell nuclei were not 
stained brown here. Like this, localization of the Bowman’s capsules 
with distinct Bowman’s spaces are easy to be recognized at low 
magnification (upper row, Fig. 1). In contrast, at higher magnification, 
the brown, very intensive colour observed in the cryopreserved sections 
was a bit slurry with margins blurred so that the borders of the different 
morphological structures were not so clear as denoted in the paraffin 
sections. Hence, the advantage of the paraffin sections over the cry-
osections can be seen only at higher magnification, if closer inspection of 
structural details is necessary for tissue analyses. With very high 
magnification cryopreservation gives better details of structures. 
Very similar to the findings for collagen I staining, collagen III 
immunohistochemistry of cryosections showed a much more pro-
nounced staining pattern throughout the structures under view, with 
clear borders at low magnifications and blurred borders at higher 
magnifications. For paraffin sections, however, there was only a weak 
and partially unspecific staining, except for a Bowman’s capsule at the 
border of a calix (see enlarged bottom row, Fig. 2). There, the sur-
rounding tissue was clearly stained brown for collagen III in the extra-
cellular matrix (ECM). 
As for ki67 immunohistochemical staining, paraffin and cryosections 
looked quite different in their overall colour, with blueish for paraffin 
and brownish for cryosections, respectively (Fig. 3). The few prolifer-
ating cells, stained dark by ki67 antibody, however, were visible very 
well in paraffin sections, particularly at higher magnifications. In 
contrast, practically every cell was stained dark brown in the cry-
osections. There was obviously unspecific brown staining in these sec-
tions. The extracellular matrix was also stained brown. Therefore, rabbit 
kidney ki67 staining and proliferating cells would be overestimated in 
cryosections. We recommend paraffin sections with an AR for ki67 
assessment in rabbit kidney tissue. 
For α-SMA staining and immunofluorescence detection, the colour 
intensity (green) was higher in paraffin sections compared with cry-
osections (Fig. 4). This resulted in a more distinctive and precise staining 
that was α-SMA positive at higher magnification for cryosections. In 
contrast to paraffin sections where the green colour superimposed blue 
DAPI cell nuclei staining at the border of Bowman’s capsules, the cry-
osections allowed a specific localization of α-SMA positive cells in the 
corresponding morphologies at higher magnifications, as assessed semi- 
quantitatively. Therefore, depending on the focus of a certain study, 
different magnifications get different importance and prominence as a 
result of the initial fixation technique. Researchers should therefore be 
aware what could be expected for the different immunohistochemical 
stainings and their appearance after varying fixation methods. 
3.2. Antigen retrieval in paraffin embedded sections 
It is well-known that tissue preservation by formalin fixation with 
subsequent paraffin embedding can lead to a decreased immunoreac-
tivity of specific antigens. In order to retrieve those antigens, different 
techniques have been developed during the last 30 years. Starting in 
1991, antigen retrieval was reported to be successful through heating 
the paraffin sections (Shi et al., 1991). Besides this method, several other 
techniques, based on different chemical treatment, have been developed 
and are useful during daily histological practice (Shi et al., 2006, 2011). 
As expected, an antigen retrieval step enhanced the signal intensity 
of the fibronectin antibody staining remarkably, which is demonstrated 
Table 2 
Overview of markers, techniques and stainings used in this study. Key: ECM =
Extracellular Matrix, Chro = Chromogenic detection, Fluo = Immunofluores-
cence, AR = antigen retrieval. Note: for Fibronectin and Mouse Isotype negative 
control (NC) images with and without AR-step are shown; “AR” and “no AR” is 
mentioned on these images and AR was only performed in paraffin sections. For 
all other stainings on paraffin sections there is no mention about AR, but AR was 
applied.  
Marker Description Embedding AR Staining 
Collagen I (Col 
I) 
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in Fig. 5. While the fibronectin positive structures in the paraffin sec-
tions can be well distinguished after an antigen retrieval step, such as the 
borders of arteries and tubules as well as Bowman’s capsules, the same 
staining without AR does not reveal any useful morphologies. In addi-
tion, when we used mouse isotype fluorescence immunohistochemistry 
to show a negative control, the effect of an AR step was also obvious. 
While diverse microstructures can be well distinguished in the section 
treated with an AR step, practically nothing is exhibited in the 
corresponding sections stained without AR. Signal intensity was signif-
icantly enhanced by AR compared with sections treated without AR. 
3.3. Bright field imaging versus immunofluorescence 
As a further decision step in getting optimum histological images of 
the rabbit kidney, we compared bright field imaging of the brown colour 
with DAB as chromogen, with immunofluorescence. For both selected 
Fig. 1. Collagen I immunoshistochemical 
staining with DAB as chromogen (brown 
colour) for paraffin sections with AR (left) and 
for cryosections (right). Corresponding inserts 
(red dashed line) depict area used for images at 
the next lower level with higher magnification. 
Below: Contingeny tables for collagen I scores 
(1; 1.5; 2; 2.5;3) for brown intensity and for 
structure contrast and sharpness (n = 15 tech-
nical replicates for paraffin and cryosections, 
respectively; with 5 Fields of Views (FOVs) in 
the connective tissue, the tubular tissue and the 
artery wall, respectively). Definition of FOVs 
and scores is given in the Supporting Informa-
tion Fig. SI 1. (For interpretation of the refer-
ences to colour in this figure legend, the reader 
is referred to the web version of this article.)   
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markers of the ECM, collagen I and collagen III, we found that bright 
field imaging was advantageous compared to immunofluorescence 
(Fig. 6). The structures and substructures were visible better and small 
entities, such as tubuli and capsules, could be distinguished from each 
other better than in the corresponding immunofluorescence stained 
sections. However, as shows the following, this might depend on the 
antibody under use. For example, if fibronectin staining was compared 
between bright field and fluorescence, the advantage of bright field over 
fluorescence was not so pronounced as had been found for collagen I and 
III. Here, the DAB staining with subsequent bright field imaging revealed 
the fibronectin positive areas quite good, as good as the immunofluo-
rescent staining. But at some few locations, the DAB staining showed it 
even less well, caused by an increased background staining, which 
resulted in spots with very dark brown staining and a slurry of colour in 
their proximity. We conclude from these findings that the decision for 
either DAB as chromogen or immunofluorescence depends on the anti-
body under view, but might lead to significant differences in the 
distinction of precise structures. Noteworthy to mention, fast optical 
colour loss occurring typically in fluorescent sections or inadequate 
scanning by digital microscopic devices have to be considered, too. 
3.4. Anatomy of the rabbit kidney 
An overview of a typical healthy rabbit kidney tissue is given in 
Fig. 7A. The α-SMA positive areas reveal the two main regions of the 
kidney, the cortex with its border (capsula) and the medulla, respectively. 
Fig. 2. Collagen III immunoshistochemical 
staining with DAB as chromogen (dark brown 
colour) for paraffin sections with AR (left) and 
for cryosections (right). Corresponding inserts 
(red dashed line) depict area used for images at 
the next lower level. 
Below: Contingeny tables for collagen III scores 
(1; 1.5; 2; 2.5;3) for brown intensity and 
structure contrast and sharpness (n = 15 tech-
nical replicates for paraffin and cryosections, 
respectively; with 5 Fields of Views (FOVs) in 
the connective tissue, the tubular tissue and the 
artery wall, respectively). Definition of Field of 
Views and scores is given in the Supporting 
Information Fig. SI 2. (For interpretation of the 
references to colour in this figure legend, the 
reader is referred to the web version of this 
article.)   
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While 90 % of the blood flows through the cortex, only 10 % flows 
through the medulla. Typical structures for arteries with their thick 
α-SMA positive walls as well as veins with rather thinner α-SMA positive 
walls can be distinguished well in the cortex. Moreover, calices, papillae 
and renal columns (Bertini columns) are depicted in the magnified 
region. 
In Fig. 7B and C, diverse anatomical structures are shown in H&E 
stained sections and corresponding subsequent sections stained for PAR- 
2. PAR-2 staining might be interesting to localize inflammation and pain 
within the renal system. In the H&E stained sections, which is the golden 
standard of histological staining, the renal corpuscle with its Bowman’s 
capsule, the Bowman’s space to collect the primary urine, its podocytes 
are very well distinguishable. In addition, arteries with erythrocytes and 
myocytes in the vessel wall can also be seen quite well. Interestingly, 
when PAR-2 staining is locally analysed, the proximal tubuli are weakly 
stained, while the distal tubuli are clearly PAR-2 positive, which stands 
in contrast to human proximal tubuli that were reported to prominently 
express PAR-2 (Vesey et al., 2013). Moreover, the intermediary rabbit 
tubuli were completely PAR-2 negative. Such histological findings could 
be useful for the discussion of cases with distal renal acidosis (Tekçe 
et al., 2013), where symptoms similar to typical coronary diseases might 
lead to unnecessary coronary interventions despite the (hidden) kidney 
problem. Furthermore, the intra-renal distribution of PAR-2 protein 
expression, with none in the proximal and very clear expression in the 
distal tubuli, could also be correlated to ghrelin overexpression in dia-
betic individuals as well as animal models with the aim to relate in-
flammatory and growth hormone expression in renal research (Kuloglu 
and Dabak, 2009). Co-localization of ghrelin immunoreactivity and 
PAR-2 expression might elucidate or complete fragmentary trigger 
pathways for diabetes mellitus. Nevertheless, it has to be emphasized 
that one should be careful to translate these findings for the rabbit 
kidney to the human kidney, particularly in conclusions about signalling 
pathways. 
Moreover, in Fig. 7C, a typical Bowman’s capsule is shown; the 
vascular pole with its vas afferens and vas efferens, as well as the urinary 
pole are marked. The parietal sheet of the Bowman’s capsule as well as 
its visceral sheet with the podocytes are delineated clearly. The proximal 
convoluted tubulus and the distal convoluted tubulus can be seen on the 
right side of the image. In the PAR-2 stained sections, the marked dif-
ference between signal intensity in cells attributed to the distal tubulus 
compared with the proximal tubulus is obvious – as in Fig. 7B, endo-
thelial cells in the proximal tubulus are practically PAR-2 negative and 
cells from the distal tubulus dark brown. Such a difference in PAR-2 
staining was also observed between mesangial cells in the mesangium 
of the Bowman’s capsule compared with juxtaglomerular cells at the rim 
of the capsule; mesangial cells stained dark brown, while juxtaglo-
merular and even more pronounced the extraglomerular mesangial cells 
were only very weakly stained for PAR-2. If such intra-renal PAR-2 
distribution has any consequences or implications in terms of inflam-
matory response in chronic kidney failure or other kidney related dis-
eases, was not described up-to-date. To the best of our knowledge, this is 
the first report on intra-renal PAR-2 distribution in the healthy rabbit 
kidney. Different transport and exchange processes occurring via the 
walls of the renal tubuli take place at different parts of the tubuli and are 
based on different cell types in the tubulus walls; channels to keep salt, 
water or proton activity within the physiological range demand for 
different cell types and differently constructed channels through the 
tubular walls than do for example processes to eliminate metabolic end 
products or foreign molecules. Hence, it might be speculated that there 
is a relation between PAR-2 expression with a specific inflammatory 
sensitivity in the distal tubulus with the convenient function to re-absorb 
glucose or amino acids. Likewise, a specific inflammatory sensitivity 
attributed to the mesangial cells within the Bowman’s capsule could be 
correlated to a certain inflammation-related signalling function, which 
Fig. 3. Ki67 immunoshistochemical staining with DAB as chromogen (dark brown colour) for paraffin sections with AR (left) and for cryosections (right). Corre-
sponding inserts (red dashed line) depict area used for images at the next lower level. (For interpretation of the references to colour in this figure legend, the reader is 
referred to the web version of this article.) 
G. Meier Bürgisser et al.                                                                                                                                                                                                                       
Acta Histochemica 123 (2021) 151701
7
is absent in extraglomerular mesangial cells because unnecessary. It 
could therefore be useful for further studies to provide these images as 
baseline values, from which the pathological state can be discriminated. 
3.5. Staining for different markers at the same place 
Serial sections were taken and immunohistochemistry of a series of 
markers was performed at the same location. Fig. 8A gives an overview 
of a typical renal section, with the main components, the cortex and the 
medulla. While collagen I and III as well as fibronectin chromogenic 
staining did not reveal any particular substructures obviously, immu-
nofluorescent staining for fibronectin and for α-SMA clearly showed the 
vessels and tubuli well at the chosen low magnification. Moreover, 
staining for PAR-2 depicted the glomeruli as well as the distal tubuli in 
the cortex very well, with increasing staining intensity towards the 
capsula. In this overview, the combination of consecutive sections 
stained for fibronectin, α-SMA and PAR-2 can therefore be judged to give 
representative insight into the morphological composition of a typical 
healthy rabbit kidney. 
At higher magnification, as realized in Fig. 8B, the difference be-
tween collagen I and collagen III distribution can be seen better in the 
chromogenic stained sections compared with the immunofluorescent 
stained sections. For fibronectin on the other hand, both, the chromo-
genic and immunofluorescent stainings, depict the vessels and glomeruli 
very well. While fibronectin is not only positive in the walls of the 
vessels, but also in the walls of the Bowman’s capsule, α-SMA stains 
positively only in the vessel wall, but not in the walls of the Bowman’s 
capsule. This clear difference can be even better observed in Fig. 8C. 
Very clearly, the adventitia of the vessel wall is stained green in both, the 
fibronectin and α-SMA immunofluorescent stained sections. However, a 
look at the nearby glomerulus shows that only fibronectin is expressed 
around the capsule, but not α-SMA. This can be claimed for exactly the 
same glomerulus as sections were taken one after the other for this 
purpose. The findings for the different distribution of fibronectin and 
α-SMA make sense with regard to physiology because myofibroblast 
marker α-SMA expressing cells with their inherent contractibility are 
needed particularly in the walls of arteries, while the rim of the 
glomerulus (the Bowman’s capsule) has no need to contract and is 
therefore α-SMA negative – under healthy conditions as used here. 
However, under pathological conditions, such as sclerotic lesions, a co- 
localization of Sox9 positive and α-SMA positive cells was reported in 
the cells forming the Bowman’s capsule (Prochnicki et al., 2018). These 
findings were explained by fibrosis in the glomerular lesions. Interest-
ingly, in the same study, α-SMA positive cells were also found in the 
glomerular tuft which is situated within the glomerulus, where under 
healthy conditions no α-SMA positive cells were detected. 
A further marker studied here is ki67 for proliferating cells. It can be 
seen that the proliferating cells were more prominently found in the 
mesangial cells within the glomerulus compared with the cells making 
up the different parts of the tubuli. There, only very few cells were ki67 
positive. The PAR-2 staining in the extract shown here confirms the 
findings mentioned for Fig. 7B and C, with PAR-2 positive mesangial 
Fig. 4. Immunohistochemical α-SMA staining 
with immunofluorescence detection. α-SMA 
(light green) and cell nuclei (DAPI staining, 
blue) can be seen in paraffin sections with AR 
(left) and for cryosections (right). Correspond-
ing inserts (red dashed line) depict area used for 
images at the next lower level with higher 
magnification. Below: Contingeny table for 
α-SMA scores (1; 1.5; 2; 2.5;3) for green colour 
accuracy and staining (n = 5 technical repli-
cates for paraffin and cryosections, respectively; 
(the 5 FOVs for paraffin and cryosection are 
defined in the Supporting Information Fig. SI 
3). (For interpretation of the references to 
colour in this figure legend, the reader is 
referred to the web version of this article.)   
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cells and endothelial cells of the distal tubulus, while extraglomerular 
cells and cells of the intermediary and proximal tubulus were PAR-2 
negative. 
In Fig. 9, collagen I, collagen III and α-SMA expression were assessed 
and compared in cryosections. While Fig. 9A shows the cortex and 
medulla and focuses on the calices, Fig. 9B depicts a glomerulus and 
some tubuli. The rim of the calices were α-SMA positive, however, at the 
highest magnification shown here, no α-SMA positive regions can be 
distinguished within the selected glomerulus. In contrast, at even higher 
magnification as realized in Fig. 10, the α-SMA stained section shows 
that there are also α-SMA positive regions within the glomerulus in the 
mesangium like in the interstitial peri-endothelial cells. As early as 
1994, Alpers and co-workers who examined the myoid filaments in 
biospies of patients with glomerular injury, hypothesized that such 
Fig. 5. Comparison of fibronectin immuno-
fluoresence staining with antigen retrieval (AR) 
or without AR and Isotype negative controls in 
paraffin sections. Below: Contingeny tables for 
fibronectin scores (1; 1.5; 2; 2.5;3) for green 
colour intensity (n = 5 technical replicates for 
antigen retrieval and no AR, respectively, and 
for corresponding isotype negative controls. 
replicates with Details about location of the 5 
FOVs for each condition are given in the Sup-
porting Information Fig. SI 4. (For interpreta-
tion of the references to colour in this figure 
legend, the reader is referred to the web version 
of this article.)   
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α-SMA positive regions in the interstitium may lead to the whole kidney 
acting as a contractile organ: like this, the kidney could regulate to some 
extent the blood flow by adjusting the pressure of the interstitial regions 
on the vessels (Alpers et al., 1994). As can be clearly seen in Fig. 10, 
α-SMA positive regions in the interstitium only occur as spots and do not 
lead to longer connected filaments, neither do α-SMA positive cells form 
junctions as realized in the vessel walls (see for example Fig. 8C where a 
thick connected α-SMA positive region characterizes the vessel wall and 
the α-SMA positive cells are clearly connected to each other). We 
therefore judge the hypothesis of a whole organ contractility for the 
healthy kidney rather improbable. There might be some contractile el-
ements found in the interstitium (with a hypothesized low functional 
influence), however, such α-SMA positive stromal cells are rather a sign 
for an eventual fibrosis and compromised renal function, as was re-
ported earlier (Boukhalfa et al., 1996; Saratlija Novakovic et al., 2012). 
Particularly the α-SMA positive mesangial cells with myoid filaments 
occurring as tiny spots between healthy glomeruli would not support a 
reasonable functional role in terms of pressure regulation because ves-
sels are only found at the vascular pole, outside the Bowman’s capsule. 
In contrast, in glomerulonephritis, correlation between α-SMA levels 
expressed in glomeruli and in the interstitium resulted in positive cor-
relation of high blood pressure and high α-SMA expression in the 
interstitium in children (Saratlija Novakovic et al., 2012). Moreover, in 
adult patients, higher α-SMA expression in glomeruli was associated 
with decreased serum creatinine, a waste product of the blood, resulting 
from muscle activity (Saratlija Novakovic et al., 2012). Under normal 
healthy conditions, creatinine is removed from the blood by the kidney, 
however, with more myoid filaments present and α-SMA expressing cells 
in the glomeruli, creatinine levels rise – a sign for impaired renal 
function. 
3.6. Particular structures in the rabbit kidney 
In Fig. 11, we present detailed structures of the glomerulus and the 
columns of Bertin, which are the medullary extensions of the renal 
cortex in between the renal pyramids. The overview at low magnifica-
tions with different stainings (Fig. 11A) shows that tubuli can be well 
recognized in paraffin sections with their positive chromogenic collagen 
I staining, while collagen III stained sections are mostly collagen III 
negative. The glomeruli are recognized well in the cryosections stained 
for collagen I and III (both DAB) because the mesangial cells are blueish 
and hence can be well distinguished from the deep brown staining of the 
corresponding collagen in the environment. Localization of the 
glomeruli is judged to be better in cryosections compared to paraffin 
sections. 
As for PAR-2 staining, the tubuli and glomeruli can be seen very well 
because of their positive staining and the high contrast to the environ-
ment; with a deep brown colour, while the surrounding is mostly light 
brown or completely PAR-2 negative. Fig. 11B shows the magnifications 
of Fig. 11A. Here, one glomerulus is magnified and the different stain-
ings can be compared. All immunofluorescently stained sections 
(paraffin: collagen I, collagen III, α-SMA; cryosection: α-SMA) show 
some spots of green colour, but the corresponding sections with chro-
mogenic staining are to be favoured, particularly the paraffin embedded 
sections. For α-SMA, the paraffin sections at least show some positive 
areas in the glomerulus wall, while in the cryosections, α-SMA is 
completely negative throughout the excerpt. As for the ki67 stainings in 
paraffin and cryosections, both with chromogenic staining, the cry-
osections reveal the proliferating cells with a slightly higher contrast 
than the paraffin sections, however, in both kind of fixation techniques, 
the ki67 positive cells can be very well distinguished from the ki67 
negative cells. 
Next, Fig. 12 demonstrates different magnifications of the pelvis, the 
Fig. 6. Immunohistochemical staining for collagen I, collagen III and fibronectin for chromogenic staining and bright field imaging (left; DAB as chromogen) and 
immunofluorescence staining and imaging (right). All samples were paraffin embedded and stainings performed with AR. 
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Fig. 7. Overview of a healthy rabbit kidney section immunohistochemically stained for α-SMA with AR (A) with corresponding tissue structures. Arrows depict 
specific substructures. PAR-2 and corresponding subsequent HE stained paraffin section (B and C) of specific parts of the renal system with detailed description of the 
substructures. 
G. Meier Bürgisser et al.                                                                                                                                                                                                                       
Acta Histochemica 123 (2021) 151701
11
Fig. 8. Selected kidney tissue structures immunohistochemically stained for a series of different markers as well as Haematoxylin&Eosin and Elastica van Gieson for 
elastin at different magnifications in paraffin sections: Cortex with pyramids, calices and medulla (A); cortex with glomeruli, tubuli and blood vessels (B) and 
glomerulus, tubuli and vessels (C). Key: Col = Collagen, Fn = Fibronectin, Isotype NC = Mouse Isotype negative control, α-SMA = alpha smooth muscle actin, ki67 =
proliferation marker ki67, PAR-2 = protease activated receptor-2 and HE = Haematoxylin&Eosin, AR = Antigen retrieval. If not otherwise stated, all stainings were 
performed with AR. 
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Fig. 9. Selected kidney tissue structures immunohistochemically stained for a series of different markers at different magnifications in cryosections: Cortex, medulla 
and calices (A); glomerulus and tubuli (B). Key: Col = Collagen, α-SMA = alpha smooth muscle actin. 
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funnel-like dilated part of the ureter in the kidney. Functionally, the 
renal pelvis collects the urine from the calyces and funnels it into the 
ureter. Similar to the findings for the glomeruli and the Bertin columns 
(Fig. 11), the DAB stained paraffin sections show the typical structures 
well for collagen I, while collagen III is stained only very weakly 
(Fig. 12A). The corresponding cryosections are a bit less distinctive than 
the paraffin sections; although there is a higher contrast, the voids are 
larger, implying that some of the membranes had gone lost during 
processing. The standard staining H&E also depicts the typical structures 
of the pelvis very well, with small voids being lined with the urothelium. 
As for the immunofluorescently stained sections, they do not show the 
substructures of the pelvis as well as the DAB stained sections. Areas that 
are collagen I or collagen III positive are depicted only as spotty accu-
mulations of green colour, without representing the substructures of the 
pelvis nearly as well as the DAB stained sections. Ki67 is again depicting 
the nuclei of proliferating cells quite nicely, for both the paraffin and 
cryosections, respectively: both showing acceptable to high contrast to 
the surrounding tissue. The PAR-2 stained sections show the voids for 
urine collections well, with the epithelial cells and/or the lamina propria 
in brown colour while the rest of the cells in the connective tissue is PAR- 
2 negative. Such findings are shown also in Fig. 11B at higher magni-
fication, where the PAR-2 positive staining can be attributed to the cells 
forming the urothelium. 
Furthermore, an excerpt of a calix, with blood vessels and tubuli is 
depicted in Fig. 13. As found in previous figures, paraffin sections 
stained chromogenic for collagen I and III can be judged superior 
compared with both, the corresponding cryosections and the corre-
sponding immunofluorescently stained paraffin sections, respectively. 
While the collagen I positive areas in the paraffin sections with DAB 
staining depict the calix structures with the tubuli and some arteries very 
well, the collagen III staining intensity in subsequent sections is weaker 
at the corresponding location, but for both, collagen I and collagen III, 
respectively, it is precise and distinct from the (micro) environment. The 
corresponding cryosections have a too intensive colour; the brown is 
dark brown and there are slurries of colour around the margins of the 
substructures, provoking the impression of not really seeing the tiny 
ramifications that are in contrast well recognized in the paraffin sec-
tions. However, the big voids attributed to the calices can be seen well in 
all the stainings and in both, paraffin and cryosections. 
With regard to immunofluorescent staining, in the panels selected 
here, only the fibronectin and α-SMA stained paraffin sections are usable 
to differentiate between arteries’ and venules’ composition in their 
vessel walls; the cryosections do not show it that distinctively than the 
paraffin sections. 
3.7. Conclusive remarks on immunohistochemistry of the rabbit kidney 
tissue 
The morphology of the rabbit kidney tissue with its different building 
blocks and extracellular matrix composition can be very well visualized 
using different immunohistochemical approaches besides the simple but 
very valuable traditional HE staining. We have discussed cryopreser-
vation compared to formalin fixation and paraffin embedding as well as 
differences after an antigen retrieval step. It has to be emphasized that 
immunohistochemical staining of cryosections led in most cases to very 
well stained sections; with only ki67 that did not work well due to un-
specific staining, leading to an overestimation of proliferating cells. 
Furthermore, we were able to elucidate main proteins making up the 
renal cortex, the medulla, the calices, the pelvis, glomeruli and Bertin 
columns in the natural, naïve rabbit kidney tissue. Interestingly and 
open for further interpretation and comparison to pathological states, 
the mesangial cells of the glomeruli were PAR-2 positive in the healthy 
kidney. Moreover, while the cells making up the distal convoluted tubuli 
were also PAR-2 positive, there was a complete absence of PAR-2 
staining in the proximal tubuli of the renal corpuscle. This overview of 
histological and immunohistological staining might be used for pre- 
clinical studies using the rabbit kidney model, acting as baseline im-
ages of healthy tissue. Images of diseased kidney tissue can then pro-
spectively be compared to the here presented images. 
Fig. 10. The renal corpuscle – ultrastructural localization of PAR-2, fibronectin and α-SMA expression. Key: PAR-2 = protease activated receptor-2, Fn = Fibronectin, 
HE = Haematoxylin&Eosin, α-SMA = alpha smooth muscle actin. All stainings were performed on paraffin embedded sections and with AR. 
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Fig. 11. Glomeruli and Bertin columns in detail in a series of different stainings for different magnifications (A and B) and for paraffin sections as well as cry-
osections. Key: Col = Collagen, Fn = Fibronectin, α-SMA = alpha smooth muscle actin, ki67 = proliferation marker ki67, PAR-2 = protease activated receptor-2, HE 
= Haematoxylin&Eosin. If not otherwise stated, all stainings were performed with AR on paraffin section. 
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Fig. 12. Pelvis in detail in a series of different stainings for different magnifications (A and B) and for paraffin sections as well as cryosections. Key: Col = Collagen, 
Fn = Fibronectin, α-SMA = alpha smooth muscle actin, ki67 = proliferation marker ki67, PAR-2 = protease activated receptor-2, HE = Haematoxylin&Eosin, If not 
otherwise stated, all stainings were performed with AR on paraffin section. 
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